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The mission of The NEED Project is to promote an energy
conscious and educated society by creating effective
networks of students, educators, business, government and
community leaders to design and deliver objective, multi-
sided energy education programs.
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| Standards Correlation Information

www.need.org/educators/curriculum-correlations

Next Generation Science Standards
= This guide effectively supports many Next Generation Science Standards. This material can satisfy performance expectations,
science and engineering practices, disciplinary core ideas, and cross-cutting concepts within your required curriculum. For
more details on these correlations, please visit NEED’s curriculum correlations website.

Common Core State Standards

= This guide has been correlated to the Common Core State Standards in both language arts and mathematics. These correlations
are broken down by grade level and guide title, and can be downloaded as a spreadsheet from the NEED curriculum correlations

website.

Individual State Science Standards
= This guide has been correlated to each state’s individual science standards. These correlations are broken down by grade level
and guide title, and can be downloaded as a spreadsheet from the NEED website.
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For more in-depth information, inquiry investigations, and
engaging activities, download these curriculum resources from

NEED.org/shop.
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What Is Energy?

Energy makes change; it does things for us. It moves cars along the
road and boats over the water. It bakes a cake in the oven and keeps
ice frozen in the freezer. It plays our favorite songs and lights our
homes. Energy makes our bodies grow and allows our minds to think.
Scientists define energy as the ability to do work.

Forms of Energy

Energy is found in different forms, such as light, heat, sound, and
motion. There are many forms of energy, but they can all be put into
two categories: potential and kinetic.

POTENTIAL ENERGY

Potential energy is stored energy and the energy of position, or
gravitational potential energy. There are several forms of potential
energy.

=Chemical energy is energy stored in the bonds of atoms and
molecules. It is the energy that holds these particles together.
Biomass, petroleum, natural gas, propane, and the foods we eat are
examples of stored chemical energy.

=Elastic energy is energy stored in objects by the application of a
force. Compressed springs, balloons, and stretched rubber bands
are examples of elastic energy.

=Nuclear energy is energy stored in the nucleus of an atom; it is the
energy that holds the nucleus together. The energy can be released
when the nuclei are combined or split apart. Nuclear power plants
split the nuclei of uranium atoms in a process called fission. The sun
combines the nuclei of hydrogen atoms in a process called fusion.

=Gravitational potential energy is the energy of position or place.

A rock resting at the top of a hill contains gravitational potential
energy because of its position. Hydropower, such as water in a
reservoir behind a dam, is an example of gravitational potential
energy.

KINETIC ENERGY
Kinetic energy is motion; it is the motion of waves, electrons, atoms,
molecules, substances, and objects.

=Electrical energy is the movement of electrons. Everything is made
of tiny particles called atoms. Atoms are made of even smaller
particles called electrons, protons, and neutrons. Applying a force
can make some of the electrons move. Electrons moving through a
wire are called electricity. Lightning is another example of electrical
energy.

=Radiant energy is electromagnetic energy that travels in vertical
(transverse) waves. Radiant energy includes visible light, x-rays,
gamma rays, and radio waves. Solar energy is an example of radiant
energy.

Introduction to Energy
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=Thermal energy, or heat, is the internal energy in substances;
it is the vibration and movement of the atoms and molecules
within a substance. The more thermal energy in a substance, the
faster the atoms and molecules vibrate and move. Geothermal
energy is an example of thermal energy.

=Motion energy is the movement of objects and substances
from one place to another. Objects and substances move when
an unbalanced force is applied according to Newton’s Laws of
Motion. Wind is an example of motion energy.

=Sound energy is the movement of energy through substances in
longitudinal (compression/rarefaction) waves. Sound is produced
when a force causes an object or substance to vibrate; the energy
is transferred through the substance in a longitudinal wave.
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Conservation of Energy

Your parents may tell you to conserve energy. “Turn off the lights,’
they say. To scientists, energy conservation is not just about saving
energy. The Law of Conservation of Energy says that energy is
neither created nor destroyed. When we use energy, it doesn't
disappear. We change one form of energy into another.

A car engine burns gasoline, converting the chemical energy in
gasoline into motion energy. Solar cells change radiant energy into
electrical energy. Energy changes form, but the total amount of
energy in the universe stays the same.

Efficiency

Energy efficiency is the amount of useful energy you get from a
system. A perfect, energy-efficient machine would change all the
energy put in it into useful work—a technological impossibility
today. Converting one form of energy into another form always
involves a loss of usable energy.

Most energy transformations are not very efficient. The human
body is a good example of this. Your body is like a machine, and the
fuel for your machine is food. Food gives you the energy to move,
breathe, and think.

Your body isn't very efficient at converting food into useful work.
Most of the energy in your body is transformed and released as
thermal energy (heat). You can really feel that heat when you
exercise! This is very much like most energy transfers. The loss of
useable energy is often in the form of thermal energy (heat).

Sources of Energy

We use many different energy sources to do work for us. They are
classified into two groups: renewable and nonrenewable.

In the United States, most of our energy comes from nonrenewable
energy sources. Coal, natural gas, petroleum, propane, and uranium
are nonrenewable energy sources. They are used to make electricity,
heat our homes, move our cars, and manufacture all kinds of
products. These energy sources are called nonrenewable because
their supplies are limited. Petroleum, a fossil fuel, for example,
was formed hundreds of millions of years ago from the remains
of ancient sea plants and animals. We can't make more petroleum
deposits in a short time.

Renewable energy sources include biomass, geothermal energy,
hydropower, solar energy, and wind energy. They are called
renewable because they are replenished in a short time. Day after
day, the sun shines, the wind blows, and the rivers flow. We use
renewable energy sources mainly to make electricity.

Electricity

Electricity is different from the other energy sources because it is a
secondary source of energy. We must use another energy source
to produce electricity. In the U.S., natural gas is the number-one
energy source used for generating electricity.

Electricity is sometimes called an energy carrier because it is an
efficient and safe way to move energy from one place to another,
and it can be used for so many tasks. As we use more technology,
the demand for electricity grows.
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Biomass

What Is Biomass?

Biomass is any organic matter that can be used as an energy
source. Wood, crops, and yard and animal waste are examples of
biomass. People have used biomass longer than any other energy
source. For thousands of years, people have burned wood to heat
their homes and cook their food.

Biomass gets its energy from the sun. Plants absorb sunlight in
a process called photosynthesis. With sunlight, air, water, and
nutrients from the soil, plants make sugars called carbohydrates.
Foods thatarerich in carbohydrates (like spaghetti) are good sources
of energy for the human body. Biomass is called a renewable
energy source because we can grow more in a short period of time.

Use of Biomass

Until the mid-1800s, wood gave Americans 90 percent of the energy
they used. Today, biomass provides us about five percent of the
energy we use. It has been replaced by coal, natural gas, petroleum,
and other energy sources.

There are many sources of biomass used in the U.S. today. Two
sources, wood and biofuels, make up the majority of consumption.
Other biomass sources include crops, garbage, landfill gas, and
byproducts from agriculture.

Industry is the biggest biomass consumer today; it uses nearly
half of biomass to make products. The transportation sector uses
31 percent of biomass by consuming ethanol and other fuels,
like biodiesel or aviation biofuel. Power companies use biomass
to produce electricity. Ten percent of biomass is used to generate
electricity today.

Homes and businesses are the third biggest users; about one in ten
homes burns wood in fireplaces and stoves for additional heat. Less
than three percent use wood as their main heating fuel. Most use a
source other than wood for heating.

In the future, plants may be grown to fuel power plants. Farmers
may also have huge farms of energy crops to produce ethanol and
other biofuels for transportation.

-
Photosynthesis

In the process of photosynthesis, plants convert
radiant energy from the sun into chemical energy
in the form of glucose (or sugar).

water + carbon dioxide + sunlight
6H0 + 6 CO,

RADIANT ENERGY

GLUCOSE

—— glucose + oxygen

+ radiant energy — CH,0, + 60,
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Using Biomass Energy

A log does not give off energy unless you do something to it.
Usually, wood is burned to make heat. Burning is not the only way
to use biomass energy, though. There are four ways to release the
energy stored in biomass: burning, bacterial decay, fermentation,
and conversion to gas/liquid fuel.

= Burning

Wood was the biggest energy provider in the United States and
the rest of the world until the mid-1800s. Wood heated homes and
fueled factories. Today, wood supplies only a little of our country’s
energy needs. Wood is not the only biomass that can be burned.
Wood shavings, fruit pits, manure, and corn cobs can all be burned
for energy.

Garbage is another source of biomass. Garbage can be burned to
generate steam and electricity. Power plants that burn garbage
and other waste for energy are called waste-to-energy plants.
These plants are a lot like coal-fired plants. The difference is the fuel.
Garbage doesn’t contain as much heat energy as coal. It takes about
900 kilograms (2,000 pounds) of garbage to equal the heat energy
in 225 kilograms (500 pounds) of coal.

Sometimes, fast-growing crops like sugar cane are grown especially
for their energy value. Scientists are also researching ways to grow
aquatic plants like seaweed and algae for their energy value.

= Bacterial Decay

Bacteria feed on dead plants and animals. As the plants and animals
decay, they produce a colorless, odorless gas called methane.
Methane gas is rich in energy. Methane is the main ingredient in
natural gas, the gas we use in our furnaces and stoves. Methane is a
good energy source. We can burn it to produce heat or to generate
electricity.

In some landfills, wells are drilled into the piles of garbage to capture
methane produced from the decaying waste. The methane can be
purified and used as an energy source, just like natural gas.

= Fermentation

We can add yeast (a fungus) to biomass to produce an alcohol
called ethanol. For centuries, people have fermented crops to make
alcoholic drinks like beer and wine. Wine is fermented from grapes.
Wheat, corn, grasses, and many other crops can be used to make
ethanol.

Ethanol is sometimes made from corn to produce a motor fuel.
Automobile pioneer Henry Ford wanted to use ethanol to power
his cars instead of gasoline. Ethanol is more expensive to use than
gasoline. Usually, it is mixed with gasoline to produce a fuel called
E-10, which is 90 percent gasoline and 10 percent ethanol. For cars
to run on a higher percentage of ethanol, their engines would have
to be changed. But cars can run on E-10 without changes. Adding
ethanol to gasoline lowers carbon dioxide emissions.

= Conversion

Conversion means changing a material into something else. Today,
we can convert biomass into gas and liquid fuels. We do this by
adding heat or chemicals to the biomass. The gas and liquid fuels
can then be burned to produce heat or electricity, or it can be used
as a fuel for automobiles. In India, cow manure is converted to
methane gas to provide heat and light.
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Biomass and the Environment

Biomass can pollute the air when it is burned, though not as much as
fossil fuels. Burning biomass fuels does not produce pollutants like
sulfur, which can cause acid rain. However, burning biomass does
release carbon dioxide.

Growing plants for biomass fuel may help to reduce greenhouse
gases, since plants use carbon dioxide and produce oxygen as they
grow. Carbon dioxide is considered an important greenhouse gas.




Coal

What Is Coal?

Coal is a fossil fuel formed from the remains of plants that lived and
died hundreds of millions of years ago, when parts of the Earth were
covered with huge swampy forests. Coal is called a nonrenewable
energy source because it takes millions of years to form.

The energy we get from coal today came from the energy that plants
absorbed from the sun hundreds of millions of years ago. All living
plants store energy from the sun. After the plants die, this energy
is usually released as the plants decay. Under certain conditions,
however, the decay is interrupted, preventing the release of the
stored solar energy.

One hundred to four hundred million years ago, plants that fell to
the bottom of the swamp began to decay as layers of dirt and water
were piled on top. Heat and pressure from these layers caused a
chemical change to occur, eventually creating coal, a sedimentary
rock over time.

History of Coal in America

Indigenous Americans used coal long before the first settlers arrived in
the New World. The Hopi Tribe used coal to bake the pottery they made
from clay.

European settlers discovered coal in North America during the first
half of the 1600s. They used very little coal at first. Instead, they relied
on water wheels and burning wood to power colonial industries.

Coal became a powerhouse by the 1800s. People used coal to
manufacture goods and to power steamships and railroad engines.
By the time of the American Civil War, people also used coal to make
iron and steel. And by the end of the 1800s, people began using coal
to make electricity.

Today, coal provides 10.4 percent of America’s energy needs and 19.5
percent of our electricity comes from coal-fired power plants.

Coal Mining

Coal companies use two methods to mine coal: surface mining and
underground mining.

Surface mining is used to extract about two-thirds of the coal in the
United States. Surface mining can be used when the coal is buried
less than 200 feet underground. In surface mining, the topsoil and
layers of rock are removed to expose large deposits of coal. The coal
is then removed by huge machines. Once the mining is finished, the
mined area is reclaimed. The dirt and rock are returned to the pit,

-

How Coal Was Formed
Long ago, much of the Earth’s land became
swampy. Many giant plants died in these
swamps.

Over millions to hundreds of millions of
years, these plants were buried under water
and dirt.

Heat and pressure turned the dead plants
into coal.

Note: not to scale

J
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the topsoil is replaced, and the area is seeded. The land can then
be used for croplands, wildlife habitats, recreation, or offices and
stores.

Underground (or deep) mining is used when the coal is
buried deep within the Earth. Some underground mines are
1,000 feet deep! To remove coal from underground mines,
miners are transported down mine shafts to run machines that
dig out the coal.

Processing and Transporting Coal

After coal comes out of the ground, it goes to a preparation plant for
cleaning. The plant removes rock, ash, sulfur, and other impurities
from the coal. Cleaning improves the heating value of coal.

After cleaning, the coal is ready to be shipped to market. Trains are
used to transport most coal. Sometimes, river barges and trucks are
used to ship coal. For short distances, coal can also be moved using
conveyors. Deciding how to ship coal is very important because it
can cost more to ship than to mine it.

Coal Reserves and Production

Coal reserves are beds of coal still in the ground that can be mined.
The United States has the world’s largest known coal reserves.
Depending on consumption rates, the U.S. has enough coal to last
over 420 years.

Coal production is the amount of coal that is mined and sent
to market. Coal is mined in 21 states. Wyoming mines the most,
followed by West Virginia, Pennsylvania, Illinois, and North Dakota.

How Coal Is Used

Roughly 90 percent of the coal mined in the U.S. today is used to
make electricity. The steel and iron industries use coal for smelting
metals. Other industries use coal, too. Paper, brick, limestone, and
cement industries all use coal to make products. Very little coal is
used for heating homes and buildings.

Coal and the Environment

Burning coal produces emissions that can pollute the air. It also
produces carbon dioxide, a greenhouse gas. When coal is
burned, a chemical called sulfur may also be released. Sulfur mixes
with oxygen to form sulfur dioxide, a chemical that can affect trees
and water when it combines with moisture to produce acid rain.

Coal companies look for low-sulfur coal to mine. They work to
remove sulfur and other impurities from the coal. Power plants
install machines called scrubbers to remove most of the sulfur
from coal smoke so it doesn’t get into the air. Other byproducts,
like the ash that is left after coal is burned, once were sent to
landfills, but this ash can be harmful to water supplies. Now they
are being used to build roads, make cement, and make ocean reefs
for animal habitats.
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Geothermal

What Is Geothermal Energy?

History of Geothermal Energy

The word geothermal comes from the Greek words geo (earth) and
therme (heat). Geothermal energy is heat from within the Earth.

Geothermal energy is generated in the Earth’s core, almost 4,000
miles (6,400 km) beneath the Earth’s surface. The double-layered
core is made up of very hot magma surrounding a solid iron center.
Very high temperatures are continuously produced inside the Earth
because of the immense pressure on the core and mantle. Rocks in
the crust are warmed by the continuous, slow radioactive decay of
rock particles, which is natural in all rocks.

Surrounding the outer core is the mantle, which is about 1,800 miles
(2,900 km) thick and made of magma and rock. The outermost layer
of the Earth, the land that forms the continents and ocean floors, is
called the crust. The crust is three to five miles (5-8 km) thick under
the oceans and 15 to 35 miles (24-56 km) thick on the continents.

The crust is not a solid piece, like the shell of an egg, but is broken
into pieces called plates. Magma comes close to the Earth’s surface
near the edges of these plates. This is where volcanoes occur. The
lava that erupts from volcanoes is magma that has reached the
Earth’s surface. Deep underground, the rocks and water in the crust
absorb the heat from this magma.

We can dig wells and pump the heated, underground water to the
surface. People around the world use geothermal energy to heat
their homes and to produce electricity.

Geothermal energy is called a renewable energy source because
the water is replenished by rainfall and the heat is continuously
produced deep within the Earth. We won't run out of geothermal
energy.

The Earth’s Interior

CRUST

MANTLE

magma & rock

OUTER CORE

magma
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Geothermal energy was used by ancient people for heating and
bathing. Even today, hot springs are used worldwide for bathing,
and many people believe hot mineral waters have natural healing
powers.

Using geothermal energy to produce electricity is a new industry.
A group of Italians first used it in 1904. The Italians used the natural
steam erupting from the Earth to power a turbine generator.

The first successful American geothermal plant began operating in
1960 at The Geysers in northern California. There are now geothermal
power plants in seven states, with more in development. Most of
these geothermal power plants are in California with the remainder
in Nevada, Utah, Oregon, Hawaii, Idaho, and New Mexico. Hawaii’s
facility on the Big Island needed to be capped in 2018 due to volcanic
activity. The plant returned to operational status in 2020.

Finding Geothermal Energy

What are the characteristics of geothermal resources? Some visible
features of geothermal energy are volcanoes, hot springs, geysers,
and fumaroles. But you cannot see most geothermal resources. They
are deep underground. There may be no clues above ground that a
geothermal reservoir is present below.

Geologists use different methods to find geothermal reservoirs. The
only way to be sure there is a reservoir is to drill a well and test the
temperature deep underground.

The most active geothermal resources are usually found along
major plate boundaries where earthquakes and volcanoes are
concentrated. Most of the geothermal activity in the world occurs in
an area called the Ring of Fire. This area borders the Pacific Ocean.

Hydrothermal Resources

There is more than one type of geothermal energy, but only one
kind is widely used to make electricity. It is called hydrothermal
energy. Hydrothermal resources have two common ingredients:
water (hydro) and heat (thermal). Depending on the temperature of
the hydrothermal resource, the heat energy can either be used for
making electricity or for heating.

= Low-Temperature Resources: Heating

Hydrothermal resources at low temperatures (50-300°F, 10-150°C)
are located everywhere in the United States, just a few feet below the
ground. This low-temperature geothermal energy is used for heating
homes and buildings, growing crops, and drying lumber, fruits, and
vegetables.

In the U.S., geothermal heat pumps are used to heat and cool homes
and public buildings. In fact, each year about 50,000 geoexchange
systems are installed in the U.S. Almost 85 percent of the homes and
businesses in Iceland use geothermal energy for space heating.
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/Geothermal Power Plant

G POWER PLANT

1. Production Well: Geothermal fluids, such as hot water and steam, are
brought to the surface and piped into the power plant.

2. Power Plant: Inside the power plant, the geothermal fluid turns the turbine
blades, which spins a shaft, which spins magnets inside a large coil of wire to
generate electricity.

\3. Injection Well: Used geothermal fluids are returned to the reservoir. )

= High-Temperature Resources: Electricity
Hydrothermal resources at high temperatures (250-700°F, 150-
370°C) can be used to make electricity.

These high-temperature resources may come from either dry
steam wells or hot water wells. We can use these resources by
drilling wells into the Earth and piping the steam or hot water to
the surface. Geothermal wells are one to two miles deep.

In a dry steam plant, the steam from the geothermal reservoir is
piped directly from a well to a turbine generator to make electricity.
In a hot water plant, some of the hot water is turned into steam.
The steam powers a turbine generator just like a dry steam plant.
When the steam cools, it condenses to water and is injected back
into the ground to be used over and over again.

Geothermal energy produces only a small percentage of U.S.
electricity. Today, it produces a little more than 16 billion kilowatt-
hours, or less than one percent of the electricity produced in this
country.

Geothermal Energy and the Environment

Geothermal energy does little damage to the environment. Another
advantage is that geothermal plants don’t have to transport fuel
like most power plants. Geothermal plants sit on top of their fuel
source. Geothermal power plants have been built in deserts, in the
middle of crops, and in mountain forests.

Geothermal plants produce almost no emissions because they do
not burn fuel to generate electricity.
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Hydropower

What Is Hydropower?

History of Hydropower

Hydropower (the prefix hydro means water) is energy that comes
from the force of moving water.

The movement of water between the Earth and the atmosphere
is part of a continuous cycle called the water cycle. The sun draws
moisture up from the oceans and rivers, and this moisture condenses
into clouds. The moisture is released from the clouds as rain or snow.
The oceans and rivers are replenished with moisture, and the cycle
starts again.

Gravity causes the water on the Earth to move from places of high
ground to places of low ground. The force of moving water can be
very powerful.

Hydropower is called a renewable energy source because it is
replenished by snow and rainfall. As long as the sun shines and the
rain falls, we won't run out of this energy source.

The Water Cycle
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Water has been used as a source of energy for centuries. The Greeks
used water wheels to grind wheat into flour more than 2,000 years
ago. In the early 1800s, American and European factories used water
wheels to power machines.

The water wheel is a simple machine. The wheel picks up water in
buckets located around the wheel. The weight of the water causes
the wheel to turn. Water wheels convert the energy of the moving
water into useful energy to grind grain, drive sawmills, or pump
water.

In the late 19th century, hydropower was first used on the Fox River
in Appleton, Wl to generate electricity. The first hydroelectric power
plant was built in 1882. In the years that followed, many more
hydropower dams were built. By the 1940s, most of the best sites in
the United States for large dams had been developed.

At about the same time, fossil fuel power plants began to be popular.
These plants could make electricity more cheaply than hydropower
plants. It wasn't until the price of oil skyrocketed in the 1970s that
people became interested in hydropower again.

Hydropower Dams

It is easier to build a hydropower plant on a river where there is a
natural waterfall, which is why a hydropower plant was built at
Niagara Falls. Building dams across rivers to produce artificial
waterfalls is the next best way.

Dams are built on rivers where the terrain of the land produces a
lake or reservoir behind it. Today there are more than 91,000 dams
in the United States, but only about 2,500 were built specifically to
generate electricity.

Most of the dams in the United States were built to control flooding,
to irrigate farm land, or for recreation, not for electricity production.
We could increase the amount of hydropower produced in this
country by putting equipment to generate electricity on many of
the existing dams.

Hydropower Plants

Hydropower plants use modern turbine generators to produce
electricity just as coal, oil, or nuclear power plants do. The difference
is in the source used to spin the turbine.

A typical hydropower plant is a system that has three main parts:
a reservoir where water can be stored, a dam with gates to control
water flow, and a power plant where the electricity is produced.

A hydropower plant uses the force of flowing water to produce
electricity. A dam opens gates at the top to allow water from the
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reservoir to flow down large tubes called penstocks. At the
bottom of the penstocks, the fast-moving water spins the blades
of the turbines. The turbines are attached to generators to produce
electricity, which is transported along transmission lines to a utility
company.

Storing Energy

One of the biggest advantages of hydropower dams is their
ability to store energy. After all, the water in the reservoir has
gravitational potential energy. Water can be stored in a reservoir
and released when electricity is needed. During the night, when
consumers use less electricity, the gates can be closed and water
held in the reservoir. Then, during the day, when consumers need
more electricity, the gates can be opened so that the water can
flow through the plant to generate electricity. Plants that use
elevation to pump water backup at low demand and generate
electricity again at periods of higher demand are called pumped
storage facilities.

Amount and Cost of Hydropower

Depending upon the amount of rainfall during the year,
hydropower can provide anywhere between five and ten percent
of the country’s electricity. In 2022, hydropower provided about
6.0 percent of the nation’s electricity. Globally, hydropower is a
significant energy source, producing nearly 15 percent of the
world’s electricity. In South America, a little more than half of the
electricity is produced by hydropower.

Hydropower is the cheapest way to generate electricity in the
United States today. Hydropower is cheaper than electricity from
coal or nuclear plants for many reasons. The fuel— flowing water—
does not have to be transported, and is free to use, unlike coal and
uranium.

Top Hydropower Producing States, 2022

Data: Energy Information Administration
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Hydropower and the Environment

Hydropower is a clean energy source. A hydropower plant produces
no air pollution because it does not burn fuel, but it does affect the
environment in other ways.

When dams are built, water patterns and the amount of flow in
rivers are altered. Some wildlife and natural resources are also
affected. Many dams today have spillway gates to control the flow
of excess water, and incorporate fish ladders, elevators, and other
devices to help fish swim up the river.

On the positive side, hydropower’s fuel supply (flowing water) is
clean and renewable—replenished by the water cycle. There are also
other benefits. Dams can be designed to control flood water, and
reservoirs provide lakes for boating, swimming, fishing, and other
recreational activities.

Hydropower Plant
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1. Water in a reservoir behind a hydropower dam flows through an intake screen,
which filters out large debris but allows fish to pass through.

2. The water travels through a large pipe, called a penstock.

3. The force of the water spins a turbine at a low speed, allowing fish to pass
through unharmed.

4. Inside the generator, the shaft spins coils of copper wire inside a ring of
magnets. This creates an electric field, producing electricity.

5. Electricity is sent to a switchyard, where a transformer increases the voltage,
allowing it to travel through the electric grid.

6. Water flows out of the penstock into the downstream river.
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Natural Gas

What Is Natural Gas?

History of Natural Gas

Natural gas is a fossil fuel like petroleum and coal. Natural gas is
called afossil fuel because it was formed from the remains of ancient
sea plants and animals. When the plants and tiny sea animals died
hundreds of millions of years ago, they sank to the bottom of the
oceanswhere they were buried by sediment and sand. This eventually
turned into sedimentary rock. The layers of plant and animal matter
and sedimentary rock continued to build until the pressure and heat
from the Earth turned the remains into petroleum and natural gas.

Natural gas is trapped in underground rocks much like a sponge traps
water in pockets. Natural gas is really a mixture of gases. The main
ingredient is methane. Methane has no color, odor, or taste. As a
safety measure, natural gas companies add an odorant, mercaptan,
to the gas so that leaking gas can be detected (it smells like rotten
eggs). People use natura